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Abstract

Introduction

There has been interest
in using the scanning
electron
microsope
(SEM) to study the structure
of
tissues
obscured
by other eel lular
or non-eel lular
elements
almost
since
the SEM was first
used to
examine biological
tissues.
Such interest
includes
the vessel
wall
and, in particular,
the vascular
smooth muscle cells.
This paper presents
a review of
the three basic
methodologies
that have been employed
to allow examination
of the vascular
smooth muscle, 1)
blunt dissection,
2) digestion
and 3) microdissection.
Discussion
of other perivascular
elements was not a
focus
of this
review.
Also
presented
is the
application
of these
different
methodologies
to
different
pa th o ph y si o l og i c co ndit io n s .

The realization
that
conditions
such
as
hypertension,
diabetes,
or aging have di stinct
effects
on the vasculature
has accelerated
the efforts
to
perform detailed
qualitative
and quantitative
analysis
of vascular
smooth
muscle
(VSM) cell
shape.
Initially,
these analyses
could be perform ed only by
assessing
the
shape
of individual
VSM cells
reconstructed
fran serial
sections(29,31,63)
or one of
several
methods
of morphometry.(1,3-9
,20 ,24 ,3236 ,43 ,46 ,47 ,50 ,56 ,64 ,6 7)
The two major difficulties
inherent
in serial
sectioning
have been 1) the
determination
of the orientation
of the sampled vessel
in relation
to the plane of section and 2) the amount
of labor invested
in the study of one or two cells.
However, these reconstructions
did provide the first
estimate
of VSMcell shape (Figure 1).
Morphanetric methods using conv entional LM or TEM
sampling techniques
have been used to study components
of the vascular
wall.
The methodologies
included
point
counting(32-35
,46 ,64),
planimeter
measurements(47
,50 ,67),
thicknesses
from
wall
areas(20 ,24 ,32 ,35 ,46 ,56) , and calculating
mean vessel
dimensions
derived
from direct
measurements.(1,39,30,36,43)
Techniques of point counting were used to
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1. Reconstructed
model of a terminal
arteriole
in hamster skeletal
muscle.
This VSM cell
clearly
was spindle-shaped
and wrapped
twice around
the
microvessel
(17 JJlll lumen diameter).
Bar = lµm. from:
Komuro et. al.,(31).
Figure
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estimate
the area of wal 1 component(s) within a tissue
or the port ion of a tis sue occupied
by a given
component
(ie.
area
fraction).
Planimeter
measurements,
which measure area more directly,
are
similar
to methods
of point counting
because
both
techniques
estimate
area
or area
fractions
of
component(s).
However, planimeter
measurements
may
become meaningless
if the vessel has been distorted
or
flattened.
The average thickness
of wal 1 component(s)
can be estimated
directly
from the inner and outer
diameter
associated
with
each wal 1 component.
However, vessel
wall
thickness
depends in part upon
the vessel
diameter
after
fixation
and preparation.
Recent study
has shown that vessel
diameters
may not
be stable.
Perfusion
pressures
<100 mmHg may stretch
the vessel
and create
an increase
in dirureter
at the
expense of a thinner
wal 1.(33)
However, the crosssectional
area of arteriolar
and arterial
walls
(40700 pm lumen dia) has been shown to rElllain u:-x:hangcd
when the vessels
were either
relaxed
(ie. vasodilated)
or contracted.(16,33,68)
Therefore,
for an accurate
comparison of wall characteristics
between contracted
and relaxed
vessels,
morphometric
methods
which
calculate
wal 1 dimensions based on the cross-sectional
wa 11 areas
should
be used.(33)
It has a 1 so been
suggested
that
such methodology
could
be used to
compare
wal 1 composition
or dimensions
between
different
strains
of animals.(32-35,46,55)
et.
al. ,(46)
used vessel
diameters
Mulvany
calculated
from wall area measuranents
and "a threedimensional
dissector"
described
below,
after
the
method
of
Ster i o ( 5 9) ,
to es t im a t e c e 11 u 1 a r
dimensions
from mesenteric
resistance
v essels
of
spontaneously
hypertensive
and Wistar-Kyoto
rats.
The
authors
did not perform
routine
serial
secti oni ng,
wherein sections
are taken perpendicular
to the lon g
axis of the vessel;
they took serial
sections
of th e
vessel wall that were parallel
to the long axis of the
vessel.
This elegant
method
has simplified
the
determination
of cell dimensions within a vessel wall
and avoided the fundamental
problan of sampling larg e
'particles'
(e.g.,
portions
of cells)
more frequently
than small 'particles'
by using randomly
selected
volumes of the vessel
wall.
This methodology
would
to smaller
vessels
not be applicable,
as described,
whose circumference
was close to the average length of
the VSM cell.
In such vessels,
one would have to be
concerned about sanpling
the sane cell more than once
because the cell encircled
the vessel wall.
Much information
has been gained
from the
techniques
noted above,
but none of the morphanetric
methodologies
allow
the actual
analysis
of an
individual
VSM eel 1. In addition,
these methods have
several
inherent
canplica tions that must be carefully
accounted
for:
1) knowing
the
sampled
vessel's
orientation
relative
to the plane
of section,
2)
knowing the sampled vessel's
precise
location
within
the vascular
system, and 3) obtaining
a sanple
size
large
enough
to
provide
meaningful
data.(morphological(l
,65)
and
anatomicalC53
,57)
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reviews)
The scanning
electron
microscope
(SEM) is
appropriate
for examining vessel
or cell
structure
in
that one can obtain
a three-dimensional
image of a
specific
cell
or vessel
as well
as being able
to
survey
1 arge numbers of the ce l ls or v esse 1 s in
question without having to prepare separate
specimens.
However, use of routine
SEM procedures
to evaluate
vascular
walls,
other
than the endothelium,
is
severely
limited
because
all
other
surfaces
are
covered
by connective
tissue
elements.
In order
to
make use of SEM, a variety
of approaches
have been
explored
to circumvent
this
problem:
1) blunt
dissection,
2) tissue
digestion,
and 3) a combination
of dissection
and digestion.

filJmt.Dissection
Blunt dissection
involves
splitting
open the
sample of tissue
either
randomly or within a region of
interest.
This technique
may occasionally
remove
portions
of obscuring tissue without severely
damaging
the eel ls of interest.
Cope and Roach(l5) partially
stripped
away a portion
of the intima from one human
cerebral
artery
obtained
from autopsy.
In this
fashion,
the authors
wished to expose the VSM and
connective
tissue
fibers within the media.
They found
that
the various
components
within
the media were
"difficult
to differentiate"
after simple fixation
and
stripping.
Therefore,
they added a silver
nitrate
stain
in the hope that
it may "be successful
in
outlining
.•. smooth muscle cells".
They felt
this
added treatment made the VSM cells
visible.
VSM cells
were described
as having
a roughly
circumferential
pitch,
a diameter of 2-5 µm, and a length of 30-50 pm.
Boyde and Wood(l0) suggested
that dissecting
and
ripping
of aldehyde-perfused
and fixed tissue
was a
method for inducing "artificial
surfaces".
They noted
that
the duration
of fixation
influenced
how the
tissue
might separate.
The authors
also suggested
that enzymatic
digestion
may be useful,
but it must
precede fixation
and that
superior
preservation
of
surface
detail
might be obtained by drying tissue
by
the critical
point
method.
Performing
the
dissection
after
the tissue
has been dried
by the
critical
point method(2 ,14) can improve the results
obtained
by blunt
dissection,
because most specimens
would tend to separate
along anatomical
planes
of
connective
tissue
or between
different
types
of
tissue.
Miller
and Reve 1(44) used simple dissection
methods to visualize
the three-diirensional
shape of
epithelial
eel 1 in ll.t.!!, after drying by the critical
point method.
This study suggested
that
the high
degree of complexity
within an epithelia
was produced
by the interaction
of lateral
surfaces
between
intestinal,
kidney, or embryonic epithelial
cells.
As
may be apparent,
blunt dissection,
regardless
of when
employed,
was severely
limited
by the
lack
of
reproducibility
and specificity.
Another 1 imitation
was the presence
of residual
connective
tissue
elements
or intercel
lular
ground substance(s)
that
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effort
to circllllvent
the problans
encountered
with
blunt
dissection.
Digestion
methods specific
to a
particular
tissue might allow reproducible
exposure of
vessels
or anbedded structures.
Since collagen is the
predominant
extracellular
material
obscuring
the
surfaces
of most cells,
collagenase
was one of the
first
corrosive
materials
used to expose cell surfaces
for SEM analysis,
with varying
levels
of success.
Spencer and Li eberman(58)
showed that the e ndoneural
collagen
in peripheral
nerves
was not cOOJpletely
ranoved by collagenase.
Dyck and Lais07)
reported
the introduction
of artifacts
("broken manbranes and
watery spaces")
when attanpting
collagenase
digestion
of a human sural nerve.
Several studies
showed only
limited
exposure
of finp surface
detail
with other
corrosive
solutions,
such-as hyaluronidase,
a-amylase,
or sodillll brCIDide.(19,52,60)
Evan et. al. ,(18) developed a two-step digestion
protocol
that could
selectively
and reproducibly
remove the basement membrane and collagen
without
destroying
the integrity
of the underlying
cell
surfaces
(Figures 4a ,c).
Hydrochloric
acid (HCl) and
collagenase
were applied
to kidney,
skin, and neural
tissue.
Critical
steps
in this method were:
1)
fixing
the tissue prior to digestion,
2) the sequence
of digestion
(HCl before collagenase
II),
3) time of
exposure
to HCl, and 4) the type of collagenase.
Previously
scanned specimens also were ranoved frCID
their
supports
and passed
through
the steps
of
infiltration
and embeclment in Epon 812 (Figure
4).
Light
microscopy
(LM)
sections
(1 llll thick)
were
stained
with toluidine
blue.
Thin sections
( <10 n
thick)
were stained
with uranyl
acetate
and lead
citrate
and examined
by transmission
electron
microscopy
(TEM).
Untreated
specimens were sectioned
for cCJDparison (Figures
4b ,d).
Despite the exposu re
to HCl, the cytoarchitecture
was adequately
preserved
(Figures
4 e,f) .
The plasmalanma
and mitochondrial

ranained
attached
to the surface
of the cell(s)
of
interest.
Castenholz
and others,
using
rat
cerebral
vascular
systems
that were either
injected
or not
injected
with
a casting
resin,
exposed
the
periendothelial
cells
around cerebral
arterioles
and
capillaries
without
digestion
by exposing the brains
to ultrasonic
treatment.(11-13)
The uncasted
ultrasound
treated
cerebral
vessels
demonstrated
-~
cCIDplete tunic of periendothelial
smooth muscle.(12)
The adventitial
surface
of the VSM cells
were still
covered
by a fine
network
of fibrous
matter,
identified
as the basement manbrane material.
The
casted
vessels
were
examined,
but residual
"adventitial
tissue"
prevented a clean exposure of VSM
cells
(Figure 2). Castenholz
and others also used K(}!
digestion
to cOOJpletely ranove all
tissue
frCID rat
cerebral
vascular
systans injected
with casting resin.
These studies
demonstrated
"plastic
strips",
replicas
of the periendothelial
cells
that constitute
the
muscle layer of cerebral
arterioles
and surround the
capillaries.(11-13)
These serendipitous
replicas
were
found only in terminal
arterial
vessels
(Figure 3).
Their etiology
was not known. Casting the vasculature
could improve
one's
ability
to locate
where any
e xposed VSM cells
are within
the vascular
system
because
the cast would survive
the handlin g and
processing
associated
with dissection.
However, what
cells wer e exposed or replicated
as "plastic
strips"
was randCID and, therefore,
not reproducibl e.
Although
it
seemed
that
blunt
dissection
techniques might produce good results,
the problans of
limited
reproducibility
and specificity
could not be
avoided. The exposure of specific
cell(s)
of interest
was essentially
a randOOJ phenCIDenon.

Di.&estion
Digestion

techniques

have

be en employed

in

for SEM

an

.

. . ,t ~ ·;,r:4,:
,

'

Figure

3. A cast of the rat cerebrum
arterioles
with
their
branches.
(running
from top to bottom on the
al so evident.
Note that the "plastic
continuous
over the vessels.
Bar
Castenholz
et. a 1. ,(13).

Figure 2.
Cerebral
arteriole
frOOJ the rat.
The rat
was perfused
with 2 • .5% glutaraldehyde
via the heart
and injected
with resin via the common carotid artery.
Material
identified
as "adventitial
tissue
of the
vascular
wall"
still
obscured
examination
of the
ringlike
prominences
(arrow)
that
proved
to be
"plastic
strips".
Bar = 2()pm. frCJD: Castenholz
et.
al. ,(13).
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membranes of kidney tubules
retained
their
normal
trilaminar
appearance
(Figure
4f).
However,
the
nuclei suffered notable damage.
The autonanic
ganglia
experienced
slight
distortion
of the ganglion
cell(s)
and the surrounding
satellite
cells,
but much of this
was due to the ranoval
of the collagen
bundles
that
occupied the extracellular
spaces.
Other investigators
also used the basic
HClcollagenase
method of Evan et. al. ,(18)
to expose
vessels
fran other sources.
Uehara and Suyana(62)
tried
two approaches.
They used the method of Evan
et.
al.,
(18)
to expose the smooth muscle layer
of
arterioles
fran the hanster
cheek pouch (Figure
5).
The authors
also used
a method of digesting
the
tissue with collagenase
plus trypsin
prior to fixation
to expose central
retinal
vessels
of the rat (Figure
6).
The quality
of exposure
expressed
in terms of
selectivity
and consistency
produced
by the two
However, the
met,.'10ds was judged to be equivalent.

f
Figure 4.

HCl and collagenase-treated
proximal convoluted
tubule in the rat.
a. SEM showing elevations
and
areas devoid of prominent
ridges
(arrowhead)
existing
among the more extensive
regions
having basal
ridges
(arrow).
Bar= 10pm. b.
Light micrograph
of a PAS- stained
proximal convoluted
tubule showing its striated
basal surface (arrow).
The striations
were largely
parallel
and corresponded
to the ridges
seen in a.
This
section was not processed
by the method of Evan et. al.,(18).
Basement membrane (BM). c.
SEM of a proximal
convoluted
tubule exposed by the method of Evan et. al., ( 18).
Removal of the basement membrane revealed
parallel
ridges corresponding
to basilar
interdigitations
identified
ind.
Bar= 10pm. d.
TEM micrograph
of
the basal surface of the proximal convoluted
tubule.
This section was not processed by the method of Evan et.
al.,(18).
Note the thick basement membrane (BM) and the basal interdigitations
(BI).
Bar= 1pm. e.
A one
micron section of the proximal tubule seen inc.
Note the intact
brush border (arrowhead)
and the coat of AuPd alloy (arrow) from sputter
coating for SEM. Bar= 10pm. f.
TEM micrograph
of the basal surface
seen inc.
and e. Note the lack of basement membrane.
Basal interdigitations
(BI).
Bar = 1pm. from: Evan et. al., (18).
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authors
expr e ssed
concern
for
the unavoidable
introduction
of some artifacts
by the exposure to HCl.
Possible
artifacts
produced by the col lagenase/trypsin
method were not discussed.
Murakami
et. al.,(48)
reported
that the col lagenase/trypsin
method did not
consistently
remove extracellular
materials,
and
occasionally
would disrupt
the eel 1 surface.
The
authors
also reported
the successful
exposure
of
retina
1 capillaries
by the HCl-col lagenase method.
Shimada(54) used the method of Evan et. al.,
(18) to
expose the lymphatic
and blood
capillaries
of the
monkey thyroid gland.
Injecting
a casting
resin into
the vascular
system accentuated
the three-dinensional
structure
of the capillary
network
(Figure
7).
Shimada noted that
the method of Evan et. al.,(18)
would effectively
remove interstitial
connective
tissue
elements
and afford
an opportunity
to view
directly
the topographical
relationships
among various
vessels
and their
perivascular
components.
However,

for SEM
he noted that the time and temp erature
for treatment
with HCl should
be determined
by trial
for each
tissue.
Such superior
results
led
others
to try
modifications
of Evan's protocol
on more types of
tissue.
Fujiwara
and Uehara(22)
used a simple
HCl
treatment,
without any collagenase
digestion,
to study
the smooth muscle
of monkey mesenteric
arteries
(Figure 8).
Individual
VSM eel ls were exposed, but
the contractile
state of the media made any assessment
of eel 1 shape suspect.
The method of Evan et.
al.,(18)
was the basis
for this
method,
but the
authors
did not explain
why the col lagenase
II
digestion
step was eliminated.
Fujiwara
et. al.,(21)
used the simple HCl method to expose the smooth muscle
of monkey mesenteric
veins.
The authors declared
that
these
vessels
were preserved
in a dilated
state
because they ''were perfused
through the heart".
The
exposed venous VSM eel ls did mt exhibit
the severe
folding
of the eel 1 membrane and the resulting
distortions
and protrusions
demonstrated
in a previous
study(22) (Figure 9).
The eel ls did mimic the venous
walls from vasculatures
vasodilated
by adenosine (10(S)M) prior to perfusion
(Figure 10 ; see also figures
14-21).(43,66)
Holley
and Fahim(28)
tri e d a simple
HCl treatment
to expose portions
of the vascu lature
from skeletal
muscle
fragments
(Figures
11, 12).
Th ei r method of fixation
was to rapidly
expose the
muscle of interest
and fix the microvessels
"in situ
by drop-wis e application"
of phosphate-buffered
2.5%
glutaraldehyde.
They reported
that their method would
denude perivascular
eel ls around capillaries
and
venules.
Sane of their eel 1 loss probably was due to
the greater
degree
of shrinka ge that had occurred
within the intima and separated
the perivascular
eel ls
from the i ntima.
Uehara
and Fujiwara(61)
used
ac ety lcholine
and perfusion
at physiological
pressure
to dilate
monkey mesenteric
arteries
(Figure
13a).
Other monkey mesenteric
arteries
were dissected
out of

Figure 5. The adventiti al as~ct
of the VSM cells
of
an arteriole
fran the hanster
cheek pouch treated
with
the HCl-collagenase
after
the method of Evan et.
al. ,(18).
VSM cells ap~ared
to be spindle-sha~d
and
were wrap~d around their
vessel such that the cell's
longitudinal
axis was about
per ~ndicular
to the
longitudinal
axis of the vessel ( ie. J:Elrallel to the
vessel's
radial
axis).
Bar = lOµm. fran: Uehara and
Suyana. (6 2)
Figure 7. Monkey thyroid
gland digested
after
the
method of Evan et. al.,(18).
Various canponents
were
exposed in addition
to blood capillaries:
nerve fibers
(N), pericytes
(P), follicular
cells
(F).
The lymph
capillaries
were removed during
digestion.
Bar =
l Oµn.
fran:
Shimada{54).

Figure 6.
The adventitial
as~ct
of VSM cells of the
central
arteriole
in the rat retina,
exposed
by
collagenase
and trypsin
digestion
µ: ior to fixation.
Cell shape and orientation
were similar
to that noted
for Figure
5.
Note a number of grooves
in the
sarcolanma.
Bar = 10pm. fran: Uehara and Suyana.(62)
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authors described
the resulting
morphology of the VSM
ce 11, pericytes,
and per i vascu 1 ar autonomic
nerve
plexus. (Figure 14). This study was able to precisely
localize
the perivascular
cells
to specific
sites
within
the vascular
system,
from the arteriolar
segment through the capillary
bed into the muscular
venules,
while introducing
a minimum of identifiable
damage or artifact.

their tissue bed and then exposed to norepinephrine
in
order to induce
vasoconstriction
(Figure 13b),
This
study demonstrated
that most of the adventitial
folds
and
spherical,
ellipsoidal,
or bulbous
projections
frequently
associated
with
normal
VSM
morphology(22
,28) were specifically
due to the
Fujiwara
contracted
state
of the vascular
muscle.
and Uehar;ll(23) used the method of Nagato et. al. ,(49)
to study the cytoarchitecture
and innervation
pattern
of the microvessels
in the rat mamnary gland by SEM.
In brief,
tissue blocks were digested with collagenase
II and hyaluronidase,
fixed
with
buffered
3%
glutaraldehyde,
and then hydrolyzed
in HCl prior
to
further
preparation
for SEM. Using this approach,
the

Kicrodissection i!l!4 Diiestion
These early
efforts
lead
exposing vessels
by a methodology
and digestion.
Indeed,
Evan et.
suggested
this approach because
tissue
(1 cm2 ), gently
teased

to the approach
of
combining dissection
al.,(18)
initially
they cubed pieces of
apart
ganglia,
and

Figure 10.
The adventitial
aspect of a f irst--a:der
sulxnucosal arteriole
(lA) and venule (1 V) in the rat
µ:epared by the method of Miller et. al. ,(43).
The
cells of the venule appeared narrower and thinner when
compared to those of its arteriole.
Note that neither
the venular or arteriolar
VSM cells
deironstrated
any
nodular
protrusions
or laminar
folds
due to the
µ:esence of vascular
tone,
Bar = lOµm. frC1D: Miller
et,al.,(43).

Figure 8.
Adventitial
aspect
of the media of a
mesenteric
artery
in the monkey exposed by a simple
HCl method(22),
Note the individual
VSM cells
with
extensive
nodular µ:otrusions
and laninar folds.
Bar
= lOµm. frC1D: Fujiwara and Uehara.( 22)
Figure 9. Adventitial
aspect of a mesenteric
vein in
the monkey exposed by a simple HCl method(22).
Note
that
the VSM cells
did not exhibit
the nodular
protrusions
or laminar folds of Figure 8. Bar= lOµm.
fran:
Fujiwara
et. al.,(21).

Figure 11. A segment of the microvasculature
exposed
by a simple HCl treatment(22)
from mouse skeletal
muscle.
Portions
of the microvasculature
shown:
arteriole
(a), µ:ecapillary
arteriole
(pc),
capillary
(c), (e) endotheliun.
VSM cells
were seen wrappi ng
around the arteriole.
Bar = lOµm.
frC1D: Holley and
Fahim.( 28)
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freed single nephrons by microdissection.
These steps
isolated
specific
cells for study and greatly
reduced
the time of exposure
to HCl necessary
to completely
remove the connective
tissue
covering
the cells
of
inte r es t.
Reducing the time of digestion
also limit ed
the amount of damage inflicted
on the cells
of
interest.
Mazanet and Franzini-Annstrong(37)
noted
the same problem
of digestion
time when using
phosphate-buffered
trypsin
to eliminate
components of
connective
tissue
and to expose
the pericytes
associated
with snall
vessels
fran the sternanastoid
muscle of the rat.
If large amounts of collagen
had
to be ranov ed from the muscle,
the pericytes
or
portions
of vessel branches may be lost because of the
longer exposure time to HCl. Teasing the muscles into
small bundles helped to circumvent
this problem.
Miller
et. al. ,(43) further
modified
the basic
method of Evan et. al. ,(18) to study microvessels.
The
first-,
second-,
third-,
and fourth-order
arterioles
(IA, 2A, 3A, and 4A, after
the classification
system
of Weideman(66))
in the submucosa of the rat
small
intestine
were chosen
for
study.
Th e primary
modifications
were to incorporate
microdissection
to
remove
the bulk
of the multiple
tissue
layers
(muscularis
externa)
obscuring
the vascular
bed within
the wall of the small intestine
and to reinfuse
whole
blood into the tissue
after
perfusion.
The lack of
reinfused
whole blood
allowed
the vessels
to be
significantly
distorted
(Figure
15).
Visible
connective
tissue
elements
still
obscuring
microvessel s of interest
could be further
eliminated
by additional
microdissection
immediately
over or
around the vessel(s)
(Figure
16).
These dissections
were performed to improve the exposure of a variety
of

for

SEM

different
sized microvessels
in their natural
location
with
their
normal
relationship
to each
other
undisturbed.
Samples revealed
excellent
preservation
of the three-dimensional
organization
of the
vasculature
and the arteriolar
wall with minimal
damage to the cell me:nbrane (Figure 17). In order for
the vasculature
to survive
handling
and processing,
Miller
et. al.,(43)
noted
that
if whole blood was
reinfused
into
the
vasculature
after
perfusion
fixation,
the vessels,
even the smallest
submucosal
arterioles
and v ·enules,
experienced
a minimum of

Figure 12.
A mouse skeletal
muscle arteriole
exposed
by the simple HCl method( 22).
VSM cells (arrow) wrap
around the intima
(asterisk).
Bar = 10pm.
from:
Holley and Fahim.(28)

Figure 13.

Mesenteric
arteries
in the monkey exposed by a simple HCl method(22).
a. The outer (adventitial)
aspect of a distended
artery.
Note that the VSM cells
of this vessel
segment and of the segment in b. are
generally
oriented
perpendicular
to the vessel's
long axis.
Bar= lOµm. b. The outer (adventitial)
aspect of
a constricted
artery.
The VSM cells
of this vessel
had a rougher textur e because of the nodular protrusions
and laminar folds due to its contracted
state.
However, the muscle cells
genera ll y remained fusiform
in shape
and oriented
perpendicular
to the vessel's
long axis.
Bar= lOµm. from: Uehara and Fujiwara.(61)
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distortion
and damage from handling
(Figure
16). Such
survival
of the vascular
system made the monitoring
of
a single
vessel
or the precise
identification
of
specific
types of vessels
possible
from the initial
harvesting
of the tissue
into the SEM (Figure 18).
Mil ler(38)
took further
advantage
of reinfusing
the vasculature
to study the entire
circumference
of
first-,
second-,
and third-order
submucosal
arterioles.
He found that vessel
segments, identified
in ti1l.! by LM after drying by the critical
point
method, could be singled
out and, if still
partially
obscured,
further
dissected
to complete exposure.
At
this point, it became obvious that microvessels
could
be completely
removed from their
in §.ilJ! position
(mobilized),
retrieved
with the aid of a microprobe,
and remounted
onto
a SEM specimen
holder.
By
remounting
the vessel
segments "end-on" and placing
the specimen
holder
into a SEM with a goniometer
stage,
sequential
photographs
could
b e made around
each vessel
as it was rotated
on its longitudinal
axis.
Thus, the entire
circumference
of a vessel
could be recorded (Figure 19).
SEM analysis
of these arterioles
confirmed
that
their media consists
of a mono layer of VSM cells.
The
largest
arterioles
that were paired
with a large
venule were called
1st-order
arterioles
(lA).
Further
branchings
that also separated
an arteriole
from its
companion venule produced the microvessels
termed 2ndorder arterioles
(2A).
The 3rd-order
arterioles
(3A)
were those formed at approximately
a right angle when
the next branching
occurred.
The only variation
from
this fact noted within
the submucosal arterial
system
was found along the largest
submucosal arterioles
(IA)
that connect
directly
to the mesenteric
a r teria l
vesse 1 s supp lying
the intestine.(43
,38) When these
continuations
of the mesenteric
arteries
penetrate
the
muscularis
externa
of the smal 1 intestine,
they have

HG Bohlen

approximately
two layers
of VSM cells.
As one
progresses
distally
from the point of penetration,
the
number of vascular
muscle layers rapidly
decreases
to
a monolayer.
The media in arterioles
of similar
diameters
in other tissue beds also have been shown to
consist
of a monolayer
of vascular
muscle.(1113,23,25,26,28,45,62)

Figure 15. SEM micrograph of a submucosal arteriole
that
was processed
by the method
of Miller
et.
al.,(43),
except that whole blood was not reinfused
into the vasculature
after fixation.
Individual
VSM
eel ls (arrows)
were clearly
exposed and easily
seen.
However, the vessel
collapsed,
causing much distortion
and the separation
of many eel ls (between
arrows).
Lymphatic vessel
(L), muscularis
mucosa (M).
Bar =
lOµm. from: Miller
et. al.,(43).
Figure ·14.
SEM micrograph
showing a microvascular
network ex!X)sed in the interacinal
si:ace of the rat
mammary g land .
The i=athway of the vesse 1 s could be
folla.1ed
from the arteriolar
(A) to the venular
( V)
side via a capillary
bed.
Exposure was accomplished
by the collagenase
II-hyaluronidase
digestion
~thod
of Nagato et. al. ,(49).
Bar = lOµm.
from : FuJJ.wara
and Uehara.( 23)

Figure 16. SEM micrograph
of a submucosal
arteriole
(between
2-headed
arrows)
from a sample
of small
intestine
in the rat.
This sample was processed
by
the method of Miller
et. al.,(43),
except
that
no
digestion
was performed.
Connec tive
tissue
elements
still
partially
obscured many individual
vessels
in
that
their
VSM cells
(arrow) were not completely
visible.
Bar = lOµm. from: Miller
et. al.,(43).
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changed fran the normal spindle shape to a branched or
stellate
configuration
(Figure
20).
Concurrent
'IBM
analysis
demonstrated
endothelial
cell
necrosis
in
most vessels
and intracellular
abnormalities
within
the VSM cells.
Shiraishi
et. al. ,( 55) studied
the
architecture
of the media of cerebral
blood vessels
fran mongrel dogs.
The authors
sacrificed
the animals
by perfusion
through the heart with saline,
follCMed
by phosphate-buffered
3% glutaraldehyde
and
heparinized
whole blood.
A constant
pressure
of 120
mmHg was maintained
during
the
perfusion
and
reinfusion
of whole blood.
After removing the entire
brain,
pieces of brain approximately
SxSKS mm in size
were taken fran selected
areas.
Ultrasonic
treatment
was used
to loosen
the
smaller
vessels
from
surrounding
tissues.
Larger vessels were mechanically
lifted
fran the fixed brain.
Specimens were rinsed in
buffer
and postfixed
with Oso 4 • This latter
step
allCMed
the visualization
of the unstained,
and
therefore
white,
connective
tissue
that covered
the
vessel.
At this point,
the specimens were treated
with 8 N HCl for 20-30 minutes
at 60°C, until
the
vessels,
blackened
with Os04 , could be seen under a
dissecting
microscope.
The authors
shCMed the
presence
of multiple
layers
of spindle-shaped
VSM
cells.
The authors
also described
" 'asteroid-like'
muscle
cells",
which were regarded
as "deformed
longitudinal
muscle
cells",
and longitudinally~
oriented
VSM cells
(Figure 21).
The "circular
muscle
cells"
of the various
arteries
were described
as
fol lCMs: the "arteries"
( >100 um outer diameter:) had
VSM cells
70-120 mm in length
and 3 .0-5 .5 um in
maximllll width,
the ''muscular
arterial
es" (30-100 µm
outer
diameter)
and "terminal
arterioles"
(10-30 )..Ill

Other
studies
have used the basic
method of
Miller
et. al.,(43)
to study the cerebral
vascular
systems of rat and dog.
Moore
et. al.,(45)
studied
the VSM of cerebral
arterioles
in adult rats after 4
weeks
of exposure
to streptozotocin-induced
hyperglycemia
(435-596
mg/dl).
The authors
substituted
paraformaldehyde
and a brief dip into SN
the perfusion
fixative
and the
HCl for, respectively,
(KOH) treaonent
of the method
SM potassium
hydroxide
Many diabetic
VSM cells
had
of Miller
et. al.,(43).

Figure
17.
A sample
of
the
submucosal
microvasculature
in the rat exposed in ~ by the
method of Miller
et. al.,(43).
Different
types of
microvessels
were easily
seen:
first-order
(IA),
second-order
(2A), third-order
(3A) arterioles,
firstorder venule (1 V), lymphatic vessels
(L). Bar = 10pm.
from: Miller
et. al.,(42).

Figure 18. a. A low magnification
SEM of the microvascular
bed of the small intestine
in the rat after being
exposed by the method of Miller
et. al.,(43)
and dried
by the critical
point
method.
The two largest
arterioles
were continuations
of the mesenteric
arteries
(MA) that initially
penetrated
into the submucosa.
Other arterioles
of these arcades were prominent
(IA, 2A, 3A).
Note that the arcades were continuous
from
their
inception
to their entry into the mucosa as central
arteriole(s).
Bar= 10).IIIl. b.
High magnification
SEM of the abluminal
aspect of the crypt of LieberkUhn (L) exposed by the method of Miller(38).
Islanded
capillaries(Sl)
(IC) formed a network coursing
over the base of each crypt.
Note the pericyte-like
cells
(P)
associated
with one or more islanded
capillaries.
Bar = 10).IIIl. 18a.
from Miller et. al. (41).
18b.
from
Miller.(38)
,
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Figure 19.
A 2A vessel
from a rat submucosa that was exposed by the method of Miller
et. al. ,(43) , The
complete circumference
could be seen as one progresses
from panel 19A to l 9F.
One VSM cell was outlined
(dotted
lines)
throughout
the sequential
views.
The termination
of the two lateral
processes
were marke (<>).
Bar; 10pm. from: Miller et. al.,(42).
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for SEM
has several
advantages,
which include 1) less handling
of the tissue,
2) the capacity
of in .ti1Y. analysis,
and 3) the ability
to study
large
numbers
of
microvessels
fran a single
tissue
sample in a short
period of time.
Gattone
et. al.,(26)
proposed
an alternative
technique
for obtaining
the average
number of wraps
per VSM cell
(i.e.,
average
nlD!lber of revolutions
a
cell
made around
the vessel)
using one view of a
microvessel
(single
view),
rather
than either
the
circumferential
view(38,55)
or the single
view(41) of
Miller
and others.
From the average number of wraps
per eel 1, one can calculate
the average eel 1 length
and width per vessel.
Gattone
et. al.,(26)
tested
this
technique
against
the method of Mil ler(41).(27)
The results
were in good agreement.
Indeed,
the
mathematical
models of Gattone et. al.,(26)
and Miller

outer diameter)
had eel ls 40-50 pm in length and 3-4
in maximum width, and the "precapil lary arterioles"
(outer
diameter
of about 15 JJm) had eel ls that had
three
or more branches
(ie.
lateral
processes)
were
20-30 pm in length,
and 4-6 pm in maxim= width.
Miller
et.
al.,(42)
used
the method
of
Mil ler(38)
to completely
mobilize,
remount,
and
circumferentially
view vessel
segments of intestinal
submucosal arterioles
in Wistar-Kyoto
rats (WKY)at 68 weeks and 10-12 weeks of age.
This method allowed
the structural
characteristics
of first-,
second-, and
third-order
arterioles
to be defined.
The following
measurements
were made: 1) outer diameter,
2) number
of revolutions
each VSM cell
made around the vessel,
3) number of VSM eel ls occupying a length of vessel,
4) the length
of individual
VSM cells,
and 5) the
width of lateral
processes
along their
length.
All
VSM cells
had exactly
two lateral
processes,
except
for those precapil lary arterioles
giving
rise to or
actually
being the central
arteriole
of the mucosal
villi
(Figure 22). At a given age, the average
length
and width of the VSM eel 1 was similar
for al 1 types of
arterioles,
fran the largest
(lA) to the smallest
(3A)
diameter vessels.
The average length and width of the
VSM cel 1 and the outer diameter of a particular
type
of arteriole
increased
uniformly
for al 1 arterioles
with age. The younger VSM eel ls averaged 82-90 pm in
l eng th and 3.0-3.5 )JIil in maximum width.
The older VSM
eel ls averaged
101-109 )JIil in length and 3.5-4.0 )llll in
maximum width.
Th e authors
noted
that
th e se data
suggested
1) a common population
of VSM eel ls at a
give n age in terms of length,
width,
and process
morphology
and 2) juvenile
maturation
was associated
with a uniform
hypertrophy
of arteriolar
smooth
muscle.

}JIil

Miller
et.
al. ,(41)
presented
a simplified
method to directly
dete:anine
th e average cell length
and width per vessel
seg1Dent using only a single view
of a microvessel.
This
methodology
allows
quantitative
evaluation
of VSM cells without
the more
difficult
and tedious
necessity
of removing
and
circumferentially
viewing the vessel
of interest.
In
order
to test
this
simplified
(single
view)
methodology,
it was first
necessary
to dete:anine
the
average
cell
dimensions
per vessel
segment
via
circumferential
views. PrE!l7ious work(55) had shown how
to dete:anine cell lengths.
A method of treating
the
cells
as a series
of adjacent
trapezoids
was used to
determine
the average
cell width
(parallel
to the
vessel's
long axis).
The details
of the mathematical
model for the single
view method are given in the
Appendix of the reference.(55)
Figure 23 summarizes
the technique used to detennine
the average widtl} of a
cell
that was not a simple geanetric
shape wrapped
around a cylinder.
The authors
also used a ccmputerassisted
image analysis
software system to perform the
morphometric
measurements,
The agreement
of data
obtained
from the single
view method
and the
circumferential
view method over a wide variety
of
vessel
types was excellent.
This single view method

Figure 20. a. A control
2A vessel
from the cerebral
microvasculature
in the rat which was exposed after
the method
of Miller
et.
al.,(43).
Note
the
uniformity
in shape and orientation
of the VSM cells
(arrow).
Bar = 10>=
b. A diabetic
2A fran the same
study.
Many irregular
to stellate
shaped VSM cells
were evident.
Bar = l0JJID- from: Moore et. al.,(45).
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et. al.,(41)
were of different
etiology,
but employed
the same cellular
characteristics
to determine
the
eel lular
dimensions.
One noteworthy
aspect of the
method of Gattone et. al,,(26)
was the ease with which
it could be performed by hand without
the assistance
of a ccmputer.
Miller
et. al.,(39)
employed their methodologies
of mobilizing
and circumferentially
analyzing
microvessels
to analyze the submucosal arteriolar
VSM
£rem age-matched
WKY and spontaneously
hypertensive
rats
(SHR) during
the period
of life
from prehypertensive
(4-6
weeks)
to wel 1 developed
hypertension
(18-20
weeks).
First,
second-,
and
third-order
arterio
1 es (1 A, 2A, and 3A) from a 11
animals demonstrated
the normal spindle-shape
for VSM
cells
and the ccmparable
elongation
and widening
of
these
eel ls associated
with maturation
(Figure 24).
VSM eel 1 s from young WKYaveraged
80-82 µm in length
and 1.9-2.0 µm in average width.
The VSM ce 11 s from
adult WKYaveraged
84-89 µm in length and 2.0-2,1 JJm
in average width. VSM eel ls from young SHR averaged
81-92 pm in length
and 1.6-2.0 pm in average
width.
The VSM eel ls from adult
SHR averaged
84-95 µm in

length
and 1.8-1.9
µm in average
width.
The only
significant
difference
shown between the arteriolar
VSM cells
of WKY and SHR for ccmpara ble arteriolar
branches was a radial
thickening
of the muse le eel ls
(parallel
to the vessel's
radial
axis) in the largest
arterioles
(lA).
The smaller
arterioles
(2A and 3A)
studied
in the SHR retained
a normal VSM cell
and
over al 1 wal 1 morphology.
There was no evidence of any
hyperplasia
in any type of arteriole.
These data
suggested
that there must be either more than one way
that
different
vessels
adapt
to hypertensive
distension
forces
or different
ways that the genetic
expression
of hypertension
may occur
within
the
intestinal
vasculature.
~

AJ>plications

Miller
et. al.,(40)
have defined morphometric
measurements that were used to quantitatively
indicate
the "normal VSM shape" and describe
the alterations
in
shape detected
in Wis tar-fatty
diabetic
rat 1 itters.
This rat model produced litter
mates who were either
normoglycemic
(Fa/Fa) or spontaneously
became mildly
diabetic
(blood glucose= 262 ± 36 ml/dl)
by 10 weeks
of age (fa/fa).
The meterics
used to quantitate
''VSM

Figure 21.
The adventitial
aspect of arterial
vessels
supplied
by the middle cerebral
artery
in the dog,
exposed after the method of Miller
et. al.,(43).
a. A portion of a muscula~ vessel
cons~sti~g
of 2--:3 lay~rs
of VSM eel ls,
Note the presence of muse 1 e eel ls coursing over the media in_ a more,, 1 ongit_udi°?l ,,orientation
than the majority
of VSM cells.
Bar= l01-1m. b. Several
muscle cells
showing an asteroid-like
shap_e (as)
with striations
and more than two lateral
processes.
Bar = lO)JID, c. An example of the branched portion
of
an arteriole
10-30 }Jill in outer
diameter.
The majority
of VSM eel 1 s were spindle-sh_ape~
eel 1 s oriented
perpendicular
to the long axis of the vessel.
Note the presence of muscle eel ls having irregular
shapes.
Bar = lOµm. d. An unbranched
portion
of an arteriole
10-30 µm in outer diameter.
Several
"asteroid-like"
VSM eel ls appeared to 1 ie over more uniform muscle eel ls.
frcm: Shiraishi
et. al.,(55).
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shape" were as follows:
1) the average
VSM cell
length,
2) the average
cell width,
3) the average
ratio
of eel 1 length-to-width
(Le/We), 4) the nunber
of average lateral
irocesses
per VSMcell (LP/VSM), 5)
the average nunber of 'lnisplaced"
saaal enlargement
regions
per the total
nunber of VSM cells (CB/TNC), 6)
the average mmber of lateral
processes
per the total
number
of VSM cells
that
overlap
anoth er cell
(XC/1NC), and 7) the average nunber of VSM cells
per
the total
nunber of cells whose external
shape could
not be sccred as fusiform
(ODD/1NC).
This type of
quantitation
is needed so that age, organ, or disease
related
differences
in mcrphology can be identified.
The impetus for such information
was irovided
because
Mocre, et.
al. ,(45) had noted dranatic
qualitative
changes in the cerebral
art eriolar
VSM after
only 4
weeks of STZ-induced hyperglycemia.
Our µ:eliminary
analysis
of the intestinal
microvessels,
after
12
weeks
of mild
hypergl ycemia,
noted
definite
alterations
in morphology.
The alterations
are best
described
by the ex amples presented
in Figure
25.
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23.

An illustration
showing how the average
VSM eel 1 width was obtained
from circumferentially
viewed cells.
Lines 1-9 depicted
the location
where
measurements were made. The length between each width
measurement was about O.lLc'
The above measurements
were used to calculate
the area of each quadrangular
cell
portion (a- j), The mean width of a VSM cell (We)
was calculated
by dividing
the total cel 1 area (Ac) oy
the total
length (L ) of the cel 1 (We = ac/Lc),
!ran:
Miller
et. al. ,(41):

Figure 22.

Examples of the submucosal arterioles
in the rat,
exposed by the method of Miller
et.
al.,(43).
Note the VSM cells
were a monolayer
that was usually
spindle
shaped and oriented
perpendicular
to the vessel's
long axis,
lA,
2A, and the 3A and 4A inserts
are the same
magnification.
Note that the VSM eel ls became
more irregular
in shape and began to suggest that
their lateral
processes could be branched. Bars=
lOµm. fran: Miller
et, al.,(42).

1307

BGMiller,

AP Evan, HGBohlen

WKY

SHR

1A

2A

3A

24
Figure 24. SEMmicrographs representative
of all the IA, 2A, and 3A from adult WKYand SHR. These SEMviews
also were representative
of the young WKYand SHR. Note the spindle-shape of all VSMcells, that the VSMcells
were oriented almost perpendicular to the vessel's
long axis, and that the monolayer of muscle cells did not
overlap. Bars= lO]Jlll.
from: Miller et. al.,(40).
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Some VSM cells
had their
somal enlargement
region
expanded parallel
to the vessel's
longitudinal
axis.
This expansion
would even cross
over one or more
neighboring
cells.
Other cells
exhibited
an apparent
increase
in the number of lateral
processes.
The
mechanism of these alterations
has not been determined
as of this review.
Two possible
mechanisms for the
increased
number of lateral
processes
are an actual
intracellular
reorganization
to induce this phenanenon
or the fusion
of all
or part of two or more cells
which would produce this alteration.
As we encounter
more of these
changes,
we shall
be able to better
elucidate
their
causes.
Subtle
differences
in the
quantitative
description
of VSM morphology were noted
between the three types of animals.
However, we have
not completed
our statistical
analysis.
Thus, the
final
evaluation
and interpretation
of results
await
completion.
Through careful
collection
and analysis
of the data from these three types of animals for VSM
cells
in different
types of arterioles,
we shall
be
able
to determine
what effect
abnormal morphology,
such as cell
body expa nsion, extra lateral
processes,
or the two in combination,
has on the ability
to
quantitatively
describe
such changes
in VSM cell
shape.

fu!m!lilu
The usefulness
of SEM for analyzing
the walls of
the vascular
system has been demonstrated
by numerous
investigators.
There are several
methodologies
available
for exposing
not only the VSM cells,
but
al so other
types of tissue
or structures
associated

for SEM
with the vasculature,
such as the basal
surface
of
endot helium,
pericytes,
adventitial
tissues,
or nerve
fibers.
Various combinations
of procedures
have been
used
to improve
the
exposure,
selection,
and
preservation
of perivascular
and vascular
structures.
Chemical and enzymatic digestion
steps wil 1 continue
to be the principal
elements
of any methodology
for
exposing
structures
normally
obscured
by .in ll.YQ
tissue
components.
The
combination
of
microdissection,
prior to processing
the specimen for
SEM, with digestion
has allowed
better
preservation
of the tissues
by reducing
the amount of material
obscuring
the tissues
of interest.
This additional
microdissection,
in turn, decreased
the length of time
needed by the digestion
solution{s)
to successfully
expose
the target
tissues.
Using microdissection
after drying by the critical
point method has allowed
the complete
mobilization
of vessels
from their
location
.in ll.t1! for detailed
analysis
of the entire
circumference.
The ability
to analyze cell morphology
means that individual
VSM cells
from a precisely
localized
portion
of the vasculature
can be described.
Such quantitation
will
allow accurate
descriptions
of
the morphological
changes
caused by normal events
( i.e.,
aging,
contraction)
and
pathological
conditions.
As more investigators
utilize
the various
methodologies
for exposing
the vasculature,
our
ability
to expose
other
selected
perivascular
structures
and portions
of the vasculature
will
only
improve with time.
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Figure 25. SEM micrographs
of intestinal
arterioles
fran the WKY-fatty rat model of spontaneous
diabetes.
a.
The mono layer
of VSM in a lA. Note the longitudinal
expansion
of several
muscle eel ls which crossed over
adjacent
cell(s).
Bar= lOµm. b. The VSM cells
in a 2A. The lateral
process . of .one cell
has cros~ed over
its neighbor.
The lateral
process
of another muscle cell
ha~ apparently
split
1.n two, resulting
1.n three
processes,
not the normal number of two. Bar = 10pm, fran: M1.ller et. al.,(40).
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RMl<WLee: Some methods for the ran oval of connective
tissues
do not include
collagenase
or elastase
in the
µ:ocedure,
Is there any explanation
why these methods
work as well,
if not better
at times, than those which
contain connective
tissue enzymes?
Authors: Our experience
has shown the connective
tissue
enzymes to be the most effective
way to remove
residual
material
loosely
attached
to the tissue
of
interest
and basement membrane material . Fixation
of
the target region would alter
the molecular
structure
and, therefore,
the effectiveness
of some connective
tissue
enzymes.
The si;ecificity
of different
types
and batches of enzymes will alter their effectiveness,
However, our experience
with using
chanical
and/or
enzyme
media
indicates
that
the
effects
of
manipulation,
as discussed
above, has a major effect
on a method's
J:Erformance.
This aspect
usually
is
not taken into consideration
when attemJXS are mare to
compare methodologies.

Discussionvi.th Reviewers
RMKWLee: It seems that for the sane tyj'.E of tissues
(e.g.
arterioles),
there
is no consistency
that
similar
methods will work in the hands of different
researchers.
Even with the same researcher,
results
vary fran one batch to another.
Can you offer sane
possible
explanation
why this is hapJ:Ening?
Authors: There a:e several factors
that can cause the
results
of the exposure
technique
to vary between
researchers
or batches.
The principal
factor
that
regulates
reproducibility
relates
to how well each
step of the µ:ocedure
is controlled.
In other words,
the results
of a particular
experiment
can be altered
by simply changing just one condition
of a single step
in the overall
µ:otocol.
The steps of the straight
digestion
procedures
that
need to be strictly
controlled
inclu02 the volume of tissue
J:Er volume of
digesting
media,
temperature,
duration
of exposure,
amount of agitation,
method and degree of fixation,
type of fixative(s),
and source
animal
strictly
controlled
in or02r to reduce variations
in results
to
a minimum.
However, there is yet another
significant
factor
that usually
is not considered
when attemJXing
straight
digestion
methods- the anount of gross and/or
microdissection.
Most of the µ:esent
methodologies
designed
to gain access
to specific
tissue(s)
of
interest
by removing
certain
other
tissue(s)
incorpcrate
activities
that
mechanically
manipulate
the target
region.
This manipulation
alters
the
anount of tissue
surrounding
the tissue
of and the
permeability
of the target
region
to the digestion
media.
The failure
to recognize
this latter
factor
will
allo;.
variations
in the degree and quality
of
exposure
that might appear to be inexplicable.
In

W Krizmanich:
ll:> you think these
various
digestion
methods cause cellular
shrinkage?
Authors:
Yes, we do.
The precise
cause of this
shrinkage
is not known. Other studies
have suggested
treating
the specimen with uranyl
acetate
to reduce
shrinkage
during µ:ocessing
for SEM (Lee RMI<W
et. al.
Scanning Electron
Microsc.1979;
III :43 9-448).
Perhaps
a similar
treatment
of tissues
prior to digestion
will
reduce this phenanemon.
Because of this
µ:oblem, we
make dire ct can par ison s only between tissues
treated
identically
(e.g.,
digested
vs undigested).
Only
relative
comparisons
of results
between
tissues
treated
differently
are apµ:oµ: iate,
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A..,_Castenholz:
We have sane canmeats cxrncerniag the
remarks and attemi:ts of iateqretatioa
just in regard
to our studies
corresponding
to numbers 11-13 of
references
cited in the maauscrift.
It seems to us
that figure
2 alone is oot suitable
to characterize
and assess
our method of ultrasound
treatment
of
vascular
tissue
to reveal
structures
of the outer
vascular
wall.
This figure
was only published
to
danonstrate
the iatr amural positions
of the "plastic
strips"
of a cast JXepar atioa,
the "ser eadipitous"
structures
the paper ao. 13 especially
dealt with.
More informatory
f iadiags of SEM r epr ese at atioa
of vascular
smooth muscle
cells
themselves
and
pericytic
elements
based on ultrasound
treatment
of
small tissue
slices were reµ:esented
in the paper no.
12. We regret
that the authors did not choose one or
mare figures
(figures
1--4) of that contribution
for
their
paper,
which give
clear
evidence
for
the
usability
of the ultrasound
treatment
method al though
t h e q u e st i o a of
it s so m e w h at ca pr i c i o us
reproducibility
like
other morphological
methods
should not be denied.
Further
applications
of cast
tissue
i:reparatioas
a:e given ia another
oot cited
paper: A. Casteaholz,
Scanning Electron
Micros.1983;
lY_:1955-195 2.
Authors:
We chose not to include
the additional
reference
(A.
Casteaholz,
Scanning
Electron
Mier os. l 983; IV :1955-1 9'>2) suggested
by the reviewer
because we wished to focus this review on methods that
will
specificly
eKpose the VSM. We recognize
the
potential
of this methodology for eKaminiag the tissue
elements
surrounding
the vasculature,
but also
recognize
that all the other techniques
also share
this
potential.
We chose not to dwell
oa this
potential
at any point.
Indeed, when focusing on the
VSM, one could make an argument that the JXese nee of
such surrouadiag
elements would be undesirable.
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